Suppressor cell activity for in vitro gamma interferon (IFN-y) production can be induced in C57BL/6 mice with the T-cell mitogens staphylococcal enterotoxin A and concanavalin A. The suppressor cell lacked mitogen specificity in that injection of mice with either staphylococcal enterotoxin A or concanavalin A induced potent suppressor cell activity that inhibited the in vitro induction of IFN-y by either mitogen. The suppressor cell is a T cell with a relatively high density of Thy 1 antigen. The IFNy-producing cell has a low density of Thy 1 and appears to have evolved from cells with a high density of Thy 1.2 or to have required such cells as helpers in the production of IFN-y. Monoclonal anti-Lyt 2.2 antibody completely eliminated the suppressor cell activity, whereas anti-Lyt 1.2 partially, but significantly, reduced the suppressor cell activity. The suppressor cell, then, may be or may require a Lyt 1,2,3+ cell with a relatively low density of the Lyt 1 antigen for activity. The Lyt phenotype of the IFN-y-producing cells was examined for both virgin and suppressor cell populations. Treatment of cells with either anti-Lyt 1.2 or anti-Lyt 2.2 completely eliminated IFNy production in both virgin and suppressor cell cultures. Cocultivation of Lyt 1+ and Lyt 2+ cells in both virgin and suppressor cell cultures significantly restored the ability to produce IFN-y when cells were stimulated with staphylococcal enterotoxin A. For the virgin cells, this seems to indicate clearly that both Lyt 1 + and Lyt 2+ cells are required for IFN production, but that Lyt 1,2,3+ cells are not required. For the suppressor cell population this type of treatment resulted in IFNy production comparable to that of the virgin cell population. The treatment eliminated or depleted Lyt 1,2,3+ cells from the suppressor cell population, thus providing additional evidence that a Lyt 1,2,3+ cell is required for suppressor cell activity. Treatment of spleen cells with anti-Lyt antibodies at the time that they were involved in ongoing IFNy production showed that the IFNy-producing cell is Lyt 2+. At least a 1:1 ratio of virgin to suppressor cells was required for optimal suppression of IFN-y production by virgin spleen cells. This suggests that suppression involved cell-to-cell contact. Preliminary data showed that the suppressor cell activity could also be induced in in vitro cultures incubated with mitogen for 4 days. This is evidence that the suppressor cell is inducible and not necessarily recruited to the spleen from other lymphoid organs.
Interferon (IFN) has been shown to have a broad range of effects on cell function, including immunoregulatory, antiviral, and antitumor activities. Three antigenic types of IFN have been described and are denoted as leukocyte (IFNa,) fibroblast (IFNP), and immune (IFN-y) (18) .
IFNa and IFN,B are induced in cells by virus or polyribonucleotides (7, 9) . IFN-y is induced in antigen-primed lymphocytes upon subsequent exposure to the specific antigen (8, 16) and in unprimed lymphocytes with T-cell mitogens (12, 19, 22 
RESULTS
Induction and specificity of suppressor ceDls. It has been shown previously that spleen celis obtained from mice injected 24 to 72 h previously with SEA are poor producers of IFN-y when restimulated with SEA in vitro (10) . The reduced response appears to be due to a suppressor cell population, since virgin spleen cells also give a reduced response when cocultured with the cells from injected mice and then induced with SEA for IFN-y production. We were interested in determining whether the SEA-induced suppressor cells are suppressive for IFN-y induction by other mitogens such as ConA. Figure 1A shows SEA-induced suppressor cell activity; spleen cells from mice injected 24 h previously with SEA were cultured alone or in mixtures with virgin spleen cells, and the cultures were then stimulated with SEA for IFNy production. The IFN-y activity represents that present in the culture on the day indicated, without changing the media. Cells from SEA-injected mice (suppressor cells) gave a peak IFN-y response on day 1 that dramatically declined thereafter. Virgin spleen cells, on the other hand, produced increasing levels of IFN-y through 3 days of culture. This response was approximately 1,000-fold higher than that of the suppressor cell population on day 3. A mixture of the two populations showed suppressed IFN-y production with kinetics similar to that of the suppressor cells alone. The Fig. 3 . Treatment of suppressor cells with anti-Lyt 2.2 antibody plus complement before culture with virgin spleen cells and SEA resulted in a complete loss of suppressor cell activity. Treatment of cells with anti-Lyt 1.2 antibody plus complement before culture with virgin spleen cells and SEA showed partial, but significant, reversal of suppressor cell activity. These data imply that the cell type responsible for the suppression of IFN-y production is a cell possessing both Lyt 1 and Lyt 2 antigens on its surface, with the Lyt 2 perhaps being more accessible to specific antibody. Additionally, the density of the Lyt 2 antigen may be greater on the suppressor cell than that of the Lyt 1 antigen. The suppressor cell, then, may be or may require a Lyt 1,2,3+ cell with a relatively low density of the Lyt 1 antigen for activity. This pattern of expression of Lyt phenotypes has previously been demonstrated for the feedback suppressor cell activity for antibody production (6).
Reconstitution of Lyt 1.2 and Lyt 2.2-depleted populations. Further experimentation was performed to determine the Lyt phenotype of the IFNy-producing cells (Table 2) trations that resulted in maximum cytotoxicity and loss of IFNy production. Cellular source of IFNy. Data presented in Table 2 indicate that both Lyt 1 + and Lyt 2+cells
are required for mitogen induction of IFNy. We were interested in determining the Lyt phenotype of the IFN-y-producing cell. Cells induced in vitro with SEA for 24 h were collected, treated with either anti-Lyt 1.2 or anti-Lyt 2.2 antibody plus complement, and subsequently cultured and restimulated with SEA. The rationale was to reduce the requirement for helper cell activity, and thus direct killing and identification of the IFNy-producing cell could be assessed. The results for days 1 and 3 of culture are summarized in Table 3 . Treatment of these cells with anti-Lyt 1.2 antibody resulted in control levels of IFN-y production, whereas anti-Lyt 2.2 antibody treatment abrogated IFN-y production. These data suggest that the IFNy-producing cell is a Lyt 2+ cell. Furthermore, a helper cell for IFN-y production with the Lyt 1 phenotype seems to be present, since previous data show a requirement for both Lyt 1+ and Lyt 2+ cells for IFN-y production. In vitro induction of suppressor cells. Experiments were performed to determine whether suppressor cells could be induced in vitro. Spleen cells were cultured with SEA for 2 or 4 days, after which the cells were washed and then Therefore, an understanding of the mechanism of cellular regulation of IFN-y production is important. Furthermore, because of the quantitative and extremely sensitive manner in which IFN-y can be assayed, it is probably an ideal lymphokine for such studies.
We have shown that potent suppressor cell activity for IFN-y production can be induced in mice with the T-cell mitogens SEA and ConA. Spleens removed from such mice 24 to 72 h after mitogen injection were poor producers of IFN-y when stimulated in vitro. showed that the suppressor cell activity could be induced in cultures incubated with mitogen for 4 days. The latter observation is evidence that the suppressor cell is inducible and not necessarily recruited to the spleen from other lymphoid organs. Data have been presented elsewhere that show that suppressor cells block production of IFNy rather than increase its destruction (10) .
The suppressor cell is apparently a T cell, since its activity was destroyed by treatment with monoclonal antibody to the Thy 1.2 antigen. This confirms the results of an earlier preliminary observation on the induction and characterization of the suppressor cell for IFN-y production (10) . Concentrations of anti-Thy 1.2 that destroyed suppressor cell activity allowed IFN-y production in the suppressor cell population. Virgin cells, on the other hand, were blocked (or destroyed) from IFN-y production by the same concentration of anti-Thy 1.2. IFN-yproducing cells in the suppressor population appear to contain a low density of the Thy 1.2 antigen. These IFN-y-producing cells appear either to have evolved from cells with a high density of Thy 1.2 or to have required such cells as helpers in production of IFN-y.
The Lyt phenotype of the suppressor cell was studied by treatment with concentrations of monoclonal antibodies to the Lyt 1.2 and Lyt 2.2 antigens that, in the presence of complement, resulted in maximum cytotoxicity. Anti-Lyt 2.2 completely eliminated the suppressor cell activity, whereas anti-Lyt 1.2 partially, but significantly, reduced the suppressor cell activity. The suppressor cell, then, may be or may require a Lyt 1,2,3+ cell with a relatively low density of the Lyt 1 antigen for activity. This cell could possibly be turned on by an Lyt 1 + inducer cell, as has been described for the anti-sheep erythrocyte antibody system, and become a Lyt 2,3+ suppressor cell (6) . As indicated in a recent review (20) , the Lyt phenotypes of helper and suppressor cells may vary with the system under study, and helpers may not always be Lyt 1+ cells and suppressors may not always be Lyt 2, 3+ cells.
The Lyt phenotype of the IFN-y-producing cells was examined for both the virgin and suppressor cell populations. Treatment of cells with either anti-Lyt 1.2 or anti-Lyt 2.2 completely eliminated IFN-y production in both virgin and suppressor cell cultures. Interestingly, cocultivation of Lyt 1+ and Lyt 2+ cells in both virgin and suppressor cell cultures significantly restored the ability to produce IFNy when cells were stimulated with SEA. For the virgin cells, this seems to indicate clearly that both Lyt 1+
and Lyt 2+ cells are required for IFNy production, but that Lyt 1,2,3+ cells are not required. For the suppressor cell population this type of treatment resulted in IFN-y production comparable to that of the virgin cell population. Since the treatment eliminated or depleted Lyt 1,2,3+ cells from the suppressor cell population, the experiment provides additional evidence that a Lyt 1,2,3+ cell is required for suppressor cell activity. Treatment of spleen cells with anti-Lyt antibodies at the time that they were involved in ongoing IFNy production showed that the IFNy-producing cell is Lyt 2+. This is consistent with the Lyt phenotype of the cell responsible for production of antigen-induced IFN-y (17) .
The events associated with the induction of IFN-y in mice appear to be complex, as indicated by the cellular interactions and by changes in the Thy 1 antigen and Lyt antigen phenotypes of stimulated cells. In mitogen-primed cultures the suppressor cell contains a high density of Thy 1 relative to an IFN-y-producing cell. In virgin cultures IFN-y-producing precursor cells (or necessary accessory cells) appear to contain a relatively high density of Thy 1. The suppressor cell or a precursor also contains the Lyt 1,2,3 antigens, with the density of Lyt 1 being less than that of Lyt 2. This latter observation may be suggestive of a Lyt 1,2,3+ precursor to a Lyt 2,3+ suppressor cell. The presence of Lyt 1+ and Lyt 2+ cells seems sufficient to produce IFNy, without the requirement for Lyt 1,2,3+ cells. Since this appears to be the case for both virgin and primed suppressor cell populations, it appears that there are Lyt 1 + and Lyt 2+ positive cells with a relatively low density of Thy 1 that are capable of interacting for production of IFN-y. The Lyt 2+ cell is the IFN producer, and Lyt 1 + is the helper cell. It has recently been reported, using fluorescence labeling as opposed to cytotoxicity, that some lymphocytes are Lyt 1 + while containing no or very little Thy 1 antigen (13) . We provide here data showing that cells of such phenotypes are functional in IFN-y production.
